Myosin, a major contractile protein within the thick filaments of myofibril, is composed of two heavy chains and two pairs of light chains. The molecule is a two-headed structure; the amino-(NH2-)terminal half of each heavy chain with a pair of the light chains forms a globular head, and the carboxyl-(COOH-)termianl halves of the two heavy chains are joined in a coiled-coil a-helical rod (1) . Two hinge regions have been postulated in the myosin molecule, one at the junction of the heads and the rod and the other within the rod, and they play a crucial role in muscle contraction, permitting the movement of the heads on actin in the thin filaments and of the whole cross-bridge with respect to the myosin filament (2, 3) . It has been shown that the hinge regions are highly susceptible to proteases (4 13) . Cleavage at the head/rod junction produces subfrag ment 1 (S-1) and the rod, which was achieved by digesting myosin filaments in the physiological ionic strength buffer. Cleavage at the hinge within the rod produces heavy meromyosin (HMM) and light meromyosin (LMM), by digesting myosin monomer in higher ionic strength buffer. The connecting segment between S-1 and LMM, subfrag ment-2 (S-2), is obtained by redigesting HMM or the rod. It is necessary to clarify the precise cleavage residues along the primary structure of the heavy chain for interpretative studies of the role of the hinge regions in muscle contraction at the molecular level. Recently, the entire amino acid ed with the same protease in the presence of 0.5M KC1 for 10 min, and S-2 and LMM were isolated (Fig. 1S) . The complete amino acid sequences of the two polypeptide chains were determined by sequencing their cyanogen bromide, acetic acid, and lysylendopeptidase peptides, respectively (Figs. 3S and 8S). In contrast to the case of the S-1 heavy chain (20) (21) (22) , all the cyanogen bromide pep tides of S-2 and LMM were soluble in 50mM NH4HC03 and in 0.1% trifluoroacetic acid, which favored isolation of the peptides (Figs. 2S and 7S) .
The NH,-terminal sequence of S-2 was identical to that of the original rod, indicatiiing that no cleavage had occurred at the NH,-terminal region of the rod during the second digestion. Watanabe has reported (26) a 429-residue sequence of S-2 from chicken skeletal myosin. Our S-2 contained 448 residues extending for 19 residues toward the COOH-terminus in comparison with his sequence; the NH,-terminal 429-residue sequence of our S-2 ( Fig. 3S) is consistent with his sequence except at the 66th position for unknown reason. In our experiment, a 430-residue S-2 could be obtained by digesting the rod for a slightly longer time, 25 or 30 min, but a 429-residue one was not obtained. At any rate, the extended S-2 was helpful to determining the linkage of S-2 and LMM as described below.
The LMM obtained by digestion for 10 or 25 min contained 577 residues with the identical COOH-terminal sequence to that of the rod. In order to obtain an overlap ping peptide between S-2 and LMM, we employed cyano gen bromide cleavage of the rod. Since the chromatographic behavior of the peptides from the S-2 and LMM is well established, we did not expect significant difficulty in isolating the overlapping peptide. In fact, we obtained the objective peptide, ROD-CN431/510 by gel filtration on Sephadex G 100 followed by ion exchange chromatography on DEAE-cellulose (Fig. 14S ). Its sequence indicated that another 14 amino acids existed between the 448-residue S-2 and the LMM (Fig. 16S ). Consequently the entire 1,039-residue sequence of the rod was determined (Fig. 2 , residues 842 to 1880). As reported for the sequences of rods from various myosins (15-17, 27, 28 ), the determined sequence shows a seven repeat pattern characteristic of a-helical coiled-coil proteins; when the sequence is ar ranged in 28-residue segments, starting with 842-Leu at Fig. 1 . Summary of the completion of the heavy chain se quence showing the alignments of the proteolytic fragments. C-Si and C-Rod stand for S-1 and rod obtained by digesting myosin filaments with chymotrypsin, and P-Sl and P-ROD, those with papain, respectively. T-23K, T-50K, and T-20K or T-22K show the characteristic tryptic fragments of C-Si or P-Sl, of which the sequences and alignment were described in the preceding papers (20 22 ). C-S2 and C-LMM show S-2 and LMM obtained by digesting C-ROD with chymotrypsin at high KCl concentration, they were sequenced completely (Figs. 3S and 8S) . T-HMM and T-LMM were obtained by digesting myosin monomer with trypsin. Linkages of T-22K and C-S2, and of C-S2 and C-LMM were deduced from the sequences of peptides overlapping the respective fragments, which were obtained by cleaving T-HMM and C-ROD with cyanogen bromide, respectively (Fig. 16S) . The COOH-terminal sequence of the heavy chain was determined by sequencing the COOH-terminal cyanogen bromide fragment of the heavy chain (Fig. 20S) . Numbers under each line stand for the positions of NH, and COOH-termini of each fragment along the heavy chain sequence. Precise 000H -terminal residues of C-Sl, P-S1, and T-HMM were not determined. , predicted a-helix structure; _??_, predicted turn /coil structure: other regions, not predicted. rabbit skeletal myosin (29-31). Concerning chicken myosin heavy chain, the entire amino acid sequences from 14-day embryonic breast muscle (16) and gizzard smooth muscle (17) were predicted from the nucleotide sequences of the cDNAs. Comparing the sequences of the adult ( Fig. 1 ) with the embryonic breast myosins, the sequence homology in the head region (residues 1 to 841 in Fig. 1 ) is 93.5%, and that in the rod region (residues 842 to 1938) is 94.1%. The homology in the head region between the adult breast and the gizzard myosins is 49.5%, and that in the rod regions is less than 35%. Cleavage Sites in the Heavy Chain by Limited Proteo lyses-While the chymotrypsin rod started at position 842, the papain rod started at 843 or 844. The first cycle of an automated Edman degradation of the papain rod liberated lysine (at 843) and serine (at 844) in almost equal amounts, and the subsequent cycles liberated successive pairs of amino acids corresponding to the sequence of the chymo trypsin rod. Though we did not confirm the precise COOH -terminal residue of the papain S-1, the COOH-terminus of tryptic 22 kDa fragment of the S-1 was found to be 837-Lys (22). Papain may cut more peptide bonds between 837-Lys and 843-Ser. Heterogeneous cleavages by papain at the head/rod junction were reported in the cases of rabbit skeletal myosin (32) and chicken gizzard myosin (33). S-2 of different sizes was obtained by limited proteolysis of HMM or rod at high KCl concentration (11-13, 32, 34, 35) . In our experiments, the longest S-2, isolatt from a chymotryptic digest of the chymotrypsin rod for 10 min, spanned from 842-Leu to 1289-Tyr. Since the LMM obtained from the digest started at 1304-Ser, more than two susceptible peptide bonds to the protease exist at the S2/LMM junction.
Chymotrypsin and papain cut myosin filaments at a very specific region, S-1/rod junction, at physiological salt concentration, while they cut myosin monomer at a differ ent but specific region, HMM/LMM junction, at high KCl concentration ( Fig. 1 ). Since several other proteases act on the myosin molecule in a very similar manner, these cleavages seem to depend not on the substrate specificities of the proteases but on the structural characteristics of the regions, which may be influenced by the ionic strength of the medium. On the other hand, the COOH-terminal part of myosin was cleaved from its tail by chymotrypsin, trypsin, or papain independently of ionic strength, i.e., whether or not myosin forms filaments. This region may have a specific structure different from that of S-1/rod or HMM/LMM junction. We calculated a secondary structure from the amino acid sequences obtained in the present work to consider the possibility of a close relationship between the secondary structure and the protease susceptibilities of myosin. Figure 3 shows a secondary structure of the COOH -terminal region of myosin heavy chain obtained according to Garner et al. (36) . The results obtained here corre sponded well with those obtained by Chou and Fasman's procedures (37). A turn/coil structure is evident at seven residues from 1858 to 1864. At the COOH-terminal side of the turn/coil structure on the sequence, it predicted mostly a -helical structures. Sequence alignment clarified cleavage sites, as indicated by arrows in Fig. 3 , at a-helical regions; the chymotrypsin rod ended at 1880-Tyr, the papain rod at 1925-Lys, and the trypsin LMM at 1897-Lys. Walker et al. reported that the myosin molecule is bent at about 100 A from the end of its tail (38). The predicted sixty-residue a-helical structure and unpredicted extra 11 residues starting from 1868 to the end correspond to the length of 100 A, when we assume 5.4 A long a-helices per 3.6 amino acid residues. The fact that cleavages occurred at these tail portions regardless of filament formation raises the possi bility that the tail portion may rise from the backbone of myosin filament at the bending region, as well as in myosin monomer.
Similarly, secondary structures at the S-2/LMM junc tion and S-1/rod junction were calculated from their amino acid sequences. The cleavage sites at the S-2/LMM junc tion existed in a specific region containing a -helical struc ture (residues 1292-1304) sandwiched between coil/turn structures (residues 1283-1287 and 1305-1310). Proteases cut the heavy chain at regions near the coil/turn structures, thus releasing the a -helical structure into the medium to be lost during purification of meromyosins, which forced us to perform another preparation of the lost region by cleaving the whole rod with cyanogen bromide. Cleavage sites at the S-1/rod junction contain a-helical structure with proline breakdown (840-Pro). Coil/turn structure in the papain cleaved region of S-1/rod was not as evident as that at the S-2/LMM junction, while the chymotrypsin-cleaved region of S-1/rod was comparatively rich in such structure (resi dues 819-825). It seems clear that turn/coil structure is common in the vicinity of sites cleaved by limited proteo lyses. (Table  VIS) , which aligned CN-1 to CN-3 (Fig.3S) .
Alignment of CN-3 to CN-14 was deduced from the se quences of the methionine-containing peptides (see Fig.3S 8S ).
PROCEDURES AND RESULTS FOR SEQUENCE ANALYSIS OF THE LINKED PEPTIDES OF S-2 AND LMM, AND S-1 AND S-2.
Isolation of the Linked Peptide of S-2 and LMM from the Rod The S-carboxymethylated rod (79 mg) was cleaved with BrCN, and the resulting peptides were gel filtered on Sephadex G-100 (Fig. 14S) .
A linked peptide of S-2 and LMM was isolated from the first fraction in Fig.14SA by chromatography on a DE 52 column (Fig.14SB) .
The The suspension was stirred for 3 h, and centrifuged. Peptides in the supernatant were gel filtered on a Sephadex G-100 column (Fig.17SA) . A linked peptide of S-1 and S-2, HMM -CN833/851 was obtained from the shadowed fraction in Fig.17SA by reverse-phase HPLC (Fig.17SB) . The composition of the peptide is given in Table  XIIIS.  Its NH2-terminal  5-residue  sequence  coin  cided with the COON-terminal part in the 22 kDa fragment from S-1 (22), and the COON-terminal 10-residue sequence, with the NH2 -terminal part of S-2, respectively, as shown in Fig.16SB . Thus, S-1 and S-2 are joined. Fig.19S .
PROCEDURES AND RESULTS FOR SEQUENCE ANALYSIS OF THE COON-TERMINAL PEPTIDE OF THE HEAVY CHAIN
The compositions of the resulting peptides were ana lyzed (Table  XIVS) , and some of them were sequenced, so that the complete sequence of HC-CN1876/1938 was determined to be as shown in Fig.20S . Its NH2-terminal 5-residue sequence coincides with the COON-terminal sequence of-LMM. Complete Sequence of Myosin Heavy Chain 83 were the same as for Pig.l0S (A). Peptides in each peak were further purified by paper electrophoresis and/or paper chromatography.
(B) The acetic acid peptides of CN-B were gel filtered on a Sephadex G-50 column. Conditions were the same as for Fig.6S (A). respectively. Conditions were the same as in Fig.10S (A). Peptides in each peak were further purified by paper chromatography and paper electrophoresis. Conditions were the same as for Fig.2S  (A) .
(B) The peptides in the first fraction in (A) were chromat ographed on a DE 52 column. Conditions were the same as in Fig.2S (B). of 50mM NH4HC03, and the suspension was stirred and centrifuged.
Peptides in the supernatant were gel filtered on a Sephadex G-100 column. Conditions were the same as in Fig .2S(A) . (B) Peptides in the shadowed fraction in (A) were chromatographed on a reverse-phase HPLC column of Wakosil 5C8. Conditions were the same as for Fig.2S(C) . Fig.2S(C) . 
